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Abstract: Quantum Computing (QC) and Artificial Intelligence (Al) are two of the fastest growing areas in
2020. It is no surprise then, with the promise of quantum computing to do different types of computation faster
than we ever could have imagined possible, that many are looking at how this might help Al algorithms
improve. In this article, we explain the potential impact of quantum computing in fastening Al algorithms and
current progress or limitation as well.
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1. Introduction

NASA believes that this type of quantum computing will change Al forever. [1] Superposition and
entanglement are principles of quantum computing that enable it to handle information in ways traditional
computers can never achieve. Al, on the other hand is hungrier for computational power — and will gobble
them up in terabytes thanks to its needful abilities like data processing, pattern recognition and complicated
decision-making We explore this synergy herein, where are at the crossroads of A.l and quantum computing to
discuss ways in which quantum capabilities can assist Al more powerfully as well as what the broader
societally-impacting implications might be.

2. Background

Al algorithms typically require immense computational resources. While classical computers can perform well
for many of these needs, quantum computing represents a completely new approach. Instead of bits, which store
only the value 0 or 1, quantum computers use qubits encoding a mixture of both values with multiple states at
once. In this paper, we would like to discuss how these special properties can be utilized in Al.

3. Quantum Computing Principles

Because they exploit the peculiar properties of quantum mechanics, like superposition entanglement and
Quantum Interference traditional computers cannot process information in this way. Qubits exist in multiple
states thanks to superposition, which allows quantum computers to simultaneously perform numerous
computations. This is a big difference from classical bits, which are limited to 0 or the 1 state. Entanglement
leads to a strong correlation between qubits — if you measure the state of one, the other will instantly snap into
position—across any distance. We can leverage this phenomenon to quickly share information and perform
several parallel computations. Quantum interference reinforces true solutions and cancels false ones, thus fine-
tuning the computation. Put together, these principles position quantum computing as a tool that can be used to
attack problems for which computational infeasibility on classical systems is an issue. Here’s a rundown
Superposition

Qubits can be in multiple states simultaneously, based on a phenomenon called superposition [2] hence the
enormous speedup that quantum parallelism makes available.
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Entanglement

One qubit can become entangled with another. In other words, the state of one may depend on the state of
another even if they are far away from each other.

Quantum Interference

This is for boosting right answers and attenuating wrong ones in computational steps.

4. Al Algorithms and Quantum Computing

Quantum computing could possibly speed up different types of Al algorithms. Quantum computing, however,
provides us with a new way to perform computationally complex and intensive tasks as is the case of many Al
algorithms. For instance, the quantum approximate optimization algorithm (QAOA) can accelerate solving of
very difficult problems: this allows faster training of machine learning models which are being developed at a
geometric rate. For example, quantum machine learning algorithms such as Quantum Support Vector Machines
(QSVM) offers a big speedup by training on large-scale datasets more quickly. Quantum algorithms can also be
used to improve data processing, with quantum search methods (e.g., Grover's Algorithm) decreasing the time
needed for finding an element in complex and unstructured datasets. These future applications could outperform
classical Al algorithms, especially within fields that need immense computational resources such as deep
learning, natural language processing and complex simulations.

Optimization Algorithms

For example, quantum algorithms such as Quantum Approximate Optimization Algorithm (QAQA), are able to
more efficiently solve optimization problems which is key for Al tasks like neural network training.

Machine Learning

That is where Quantum machine learning algorithms, for instance — Quantum Support Vector Machines
(QSVM), come to rescue with quicker training and inference.

Data Processing

It has some implications in data sorting and search, which are fundamental to Al itself.

5. Challenges

The pathways are possible but with obstacles. The potential unlocked by quantum computing is powerful, and
yet we are still far from using it to make Al run faster everywhere on the planet. The most immediate problem is
the error-prone nature of real-world quantum hardware. Qubits are so fragile that they vibrate between their two
states, breaking down any signals they carry into a sea of static in an instant; our today's qubit' coherence time
— how long it can maintain superposition before collapsing back to 0 or 1-is at best measured on the scale of
seconds (DBG) against microseconds (MKB). These errors cripple quantum computers enough that they are
currently unfavorable for many real-world applications. Moreover, the bulk of quantum algorithms are still at an
early stage and require more optimization before they can beat classical implementations in real-world
scenarios. Quantum computers are also expensive and only a few research institutions, or major corporations
can afford to have access. For quantum technology to be adopted more broadly, reductions in cost and enhanced
accessibility will need to go alongside developments on both the hardware and software sides.
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Hardware Limitations

Quantum computing is still in its infancy, and even as late as 2020 there have only been major milestones that
suggest quantum computer now has come of age (albeit it). In 2019, Google had a front-page moment when
they supposedly demonstrated 'quantum supremacy'—in which their quantum computer found the solution to an
incredibly challenging problem in far less time than any existing classical computers. This milestone encouraged
further interest in the future of quantum computing, especially for Al. IBM has created quantum computing
platform in the cloud, this time including several more qubits than before — giving numerous researchers
around the world an environment to explore their own versions of a variety of algorithms they could get Al
applications for. Thus, we are not yet able to use these early quantum systems for large-scale Al tasks; however,
their future evolution is an encouraging sign. There are many quantum algorithms under development that aim
to make Al methods more efficient, and scientists anticipate significant advancements in this area over the next
several years.

Algorithmic Development:

Most of the quantum algorithms are on paper and require more development to make them usable.

Cost and Accessibility

With quantum computers being expensive and not generally available, their application in [9]Al development
remains largely theoretical.

6. State Of Quantum Computing in Al (2020)

While we are so far away from 2020, the year quantum computing is widely projected to occur), here are a few
notable pointers.

Google's Quantum Supremacy:

In 2019, Google stated that it had achieved quantum supremacy by completing a [10] computation within
seconds of processing time when traditional computers would need thousands of years.

IBM and Rigetti:

Quantum cloud services such as those being developed by IBM and Rigetti are opening research access to
quantum resources.

Emerging Quantum Algorithms:

This often happens due to researchers developing new algorithms that harness [11] some of the strengths of
quantum computing for Al.

7. Future Directions

The landscape is changing and there could be major steps forward in the next few years. Here are some
predictions

More Efficient Quantum Algorithms

Better algorithms for Al, likely due to the further development of quantum computing.

Improved Quantum Hardware

Quantum error correction will also have to be implemented, and other [12] improvements will be made in order
for quantum computers to work adequately.

Wider Adoption

Becoming more accessible quantum computing may follow in the footsteps of reduced price to experiment with
Al.

8. Conclusion

Quantum computing has enormous implications for speeding up Al algorithms because in terms of
computational capability, a quantum computer will far outperform classical systems. Quantum mechanics has its
unique intrinsic features such as superposition and entanglement that quantum computers can employ to perform
computations across billions of values simultaneously rather than only one value after another, potentially
enabling exponential boosts in the acceleration of optimization problems or speeding up machine learning or
other types of data processing tasks. This is even more important in Al, where resources are one of the main
bottlenecks when [13] training models or making real-time decisions. The promise of multitask learning was
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clear from the start, however theoretical models and some initial experiments showed this, but at that time
practical implementation was still in its infancy.

But there are many hurdles that must be cleared before quantum computing can play its full part in Al. This
means that quantum hardware at present can be extremely limited by noise, instability and minimal error
correction which might result in difficulty running reliably complex algorithms. In addition, the creation of
practical quantum algorithms that are faster than classical ones are a current open area. However, despite the
many obstacles they face, quantum computing has been an attractive investment area for large technology
companies and research institutions alike due to steady progress in both hardware as well as software. As this
progresses, we may very well be no further than a decade away from quantum computing starting to strongly
impact Al in practical terms.

Ultimately quantum computing is not about to redefine Al, but it certainly will enhance its toolbox in the years
ahead. Quantum might combine with classical break into new territory in data analysis, pattern recognition and
decision-making that can allow Al systems to start solving problems currently out of reach. As Al continues to
evolve, so will our methods for realizing the best of these innovations and developments in quantum computing
are vital for researchers, developers as well as organizations keeping an eye on what they need do next. While
it's a long road to get there, the destination of Al and quantum computing being integrated in unity and pushing
possibilities is an exciting thought.
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